Microwave-assisted heating has been recently used for extracting nutrient components from food materials. The technique sometimes invokes reactions from nutrient compounds during microwave-irradiation because it activates water molecules to reach a high temperature. The microwave-irradiation produced 5.3 g maltose per 100 g sweat potatoes in 30 s, which was faster than conventional heating (3.9 g maltose per 100 g in 300 s). Fructose level increased with the longer reaction time under microwave-irradiation (from 1.33 g to 1.65 g in 120s), but decreased with a longer reaction time under conventional heating (from 0.99 g to 0.83 g in 1200 s). This study demonstrates the differences in the reactions and products between microwave-irradiation and conventional heating.
Introduction
Crop plants have been an indispensable part of human life for ages. Ever since ancient time, fruits, seeds, even roots and branches have been used to meet personal and social needs such as food, medicine, and the beautification of the environment [1] [2] [3] [4] [5] . The crop plants sweet potato is known as an energy source [6] [7] , with starch as the main ingredient (20.1%). Raw root sweet potato usually contains monosaccharides: glucose and fructose as well as disaccharide sucrose [7] [8] . However, the heating of sweet potatoes yields maltose, which is [21] , and sucrose synthase (EC 2.4.1.13) [21] have been also known as the other enzymes involved with the reactions of saccharides in sweet potatoes. The concentration of β-amylase is higher than those of α-amylase and enzymes in the roots [15] , whereas β-amylase in storage roots does not activate. Because β-amylase hydrolyzes starch to maltose faster at the optimum temperature, cooking for several minutes longer at this temperature increases the sweetness of potatoes. Although microwave-assisted heating gives a higher temperature in fewer seconds, heated sweet potatoes have less sweetness because of the lower yield of maltose. Microwave-irradiation induces different chemical reactions than conventional heating [22] . Studies related to microwave-assisted organic syntheses have been reported [22] [23] . Microwave-assisted reactions have been applied to the chemistry of carbohydrates [23] [24] [25] [26] . Richard and Paquot [25] classify the microwave-assisted reactions of saccharides into two categories as follows: the reactions involving hydroxyl groups for the production of novel entities, and the dehydration reactions leading to the formation of 5-(hydroxymethyl)furfural [27] and related platform molecules [25] . It has been reported that, under microwave-irradiation, thermal hydrolysis of a disaccharide (maltose) is accelerated [28] , and the decomposition of monosaccharides to 5-(hydroxymethyl)furfural or furfural takes place [29] [30]. However, not many research papers on the isomerization of saccharides have been published [23] 
Materials and Methods

Sample Preparation for Microwave-Irradiation and Conventional Heating
A piece (about 15 × 4 cm) of sweet potato (Ipomoea batatas (L.) Lam, Koukei 14), so-called "Naruto Kintoki" was hollowed out with a cork borer (inner diameter: 1.9 cm). A part (10 g) of columnar sweet potato left in the inside of the cork borer was removed into a glass tube (6.3 × 2.6φ cm), which was used for irradiation with a microwave generator. Similarly, a part (10 g) of columnar sweet potato obtained by using a cork borer (inner diameter: 1.4 cm) was wrapped with an aluminum sheet. The wrapped sweet potato was put into a hole (6.0 × 1.5φ cm) of an aluminum brock set at 100˚C.
Microwave-Irradiation
A sweet potato samples in a glass vial set at the center of turning table was irra- 
Heating with an Aluminum Heat Bath
Heating samples of sweet potato was carried out with a MG-2200 aluminum heat bath (EYELA, Tokyo, Japan) set at 100˚C.
Analysis of Samples
Irradiated or heated samples were cooled to room temperature and suspended in 30 mL water. The resulting suspensions were separately mixed with a crusher, Labo Misler LM-PLUS (Osaka Chemical, Osaka, Japan) for 30 s and centrifuged at 13,370 rpm (27,000 G) with a Beckman Coulter JA-17 fixed an angle rotor (12.3 cm) for 20 min at 0˚C. The supernatant fluid was filter with a membrane filter (MILLEX-PF 0.8 μm), and the filtrate was injected into a HPLC system (Shimadzu, Kyoto, Japan) which is composed of pump, LC-20TA; system controller, CBM-20A; UV-detector, RID-10A; auto-sampler, SIL-20A; column oven, CTO-20A. Sample solutions were automatically injected into an analytical column: NH 2 P-50 4D 150 mm × 4.6 mm (Showa Denko K. K., Tokyo, Japan) whose temperature was maintained at 40˚C. Analysis was carried out three times for each sample using an eluate: acetonitrile-water (75 -25 (v/v)) at a flow rate of 1.5 mL/min. The absorption of the eluted solution was continuously detected at 190 nm. The averaged peak area (μV•min) and the standard deviation for each peak were recorded. Each compound was determined using the relation between the peak area and the amount of the standard compound.
Results and Discussion
Irradiation to Sweet Potatoes with a Microwave Generator
Several power conditions were used for determining the appropriate conditions. Table 1 summarizes weight decrease of sweet potatoes after irradiation. The microwave generator was available to select electric power conditions (120, 280, 350, 500, and 600 w) for irradiation. Softness and temperature inside were monitored after irradiation in each electric power conditions. The temperature inside became about 50 to 65 degree higher than room temperature except of 120 w. Electric power condition 350 w was most suitable for monitoring temperature, because the sample after irradiation using 350 w became whole soft. Figure 1 shows pictures just after microwave-irradiation.
Analysis of Microwave-Irradiated Sweet Potatoes
Sweet potato samples after microwave-irradiation were crushed and extracted water. The extracts were analyzed with HPLC as shown in Figure 2(a) .
Similarly, the extracts from the reaction solution using aluminum heat bath at 100 degree were analyzed as shown in Figure 2 and at higher temperature on the conventional heating Fructose can be dehydrated to 5-hydroxymethyl-furfural, which is a toxic compound [34] [35] . Figure 4 shows a hypothetical reaction pathway, which explains the results shown in Figure 3 .
As shown in Figure 4 , α-amylase hydrolyzes starch of sweet potato to maltose, which might be hydrolyzed two glucose molecules by maltase. Sucrose might be hydrolyzed to glucose and fructose by invertase. Glucose cannot isomerize to fructose by (A) conventional heating in an aluminum heat bath but can isomerize to fructose by (B) microwave-irradiation [32] . Fructose might be dehydrated 
Conclusion
This study demonstrated HPLC analysis of mono-and disaccharides in the 
